Magnetic resonance (MR) imaging features of white matter lesions, often seen in the elderly, are correlated with histologicˆndings. Dilatation of perivascular spaces is seen, especially in the frontal and W or parietal subcortical white matter; the spaces are less than 3 mm in diameter and have sharp margins with no perifocal abnormality. Old lacunar infarcts are larger than 3 mm in diameter and are irregularly shaped and accompanied by perifocal myelin pallor and gliosis. Periventricular hyperintensity, including cap and rim, histologically shows myelin pallor, dilatation of perivascular spaces, discontinuity of the ependymal lining, and subependymal gliosis. Deep and subcortical white matter hyperintensity re‰ects myelin pallor and dilatation of perivascular spaces. DiŠuse white matter lesion, seen in Binswanger's disease, shows myelin pallor and tissue rarefaction associated with loss of myelin and axons. U-ˆbers are usually well preserved. Severe arteriosclerosis and arteriolosclerosis are usually seen in the white matter. Knowledge of the pathologic features of incidental changes in white matter helps in understanding MR imagingˆndings.
Introduction
To further understand the MR imaging features of cerebral white matter lesions in the elderly, we correlated postmortem MR images and pathologiĉ ndings of dilatation of perivascular spaces, lacunar infarcts, and leukoaraiosis, which is closely associated with chronic ischemic change. In this review, leukoaraiosis includes periventricular hyperintensities, deep and subcortical white matter hyperintensities, and the diŠuse white matter changes seen in Binswanger's disease.
Postmortem MR images were obtained using a 1.5T system. The 10z formalin-ˆxed brains were positioned in a standard way in the head coil, and axial and coronal fast spin-echo T2-weighted images (repetition time W echo time [TR W TE], 3500 W 96; thickness W gap, 4 W 1) were obtained. Coronal sections of the cerebral hemispheres were cut 5 mm thick. The images were compared to histologicˆnd-ings.
Dilatation of Perivascular Spaces
Dilatation of perivascular spaces in the cerebral white matter are often seen in the frontal and W or parietal subcortical white matter, especially in the branching zones of medullary arteries. MRˆndings of dilatation of perivascular spaces shows T2-hyperintense areas of smooth and well-deˆned round or elliptical shapes up to 3 mm in diameter without halo in the surrounding tissue, being located along the medullary arteries. 1 Dilatation of perivascular spaces is clinically associated with aging, hypertension, and other vascular risk factors. 2 Several mechanisms for abnormal dilatation of perivascular spaces include mechanical trauma from pulsation of the cerebrospinal ‰uid (CSF) or vascular ectasia, ‰uid exudation from abnormalities in vessel wall permeability, and ischemic injury to perivascular tissue. 
Lacunar Infarcts
Fisher deˆned lacunar infarcts according to pathological observations as deep, sharply margined, focal lesions ranging from 3 to 4 mm to 15 to 20 mm in diameter. 4, 5 On MR imaging, lacunar infarcts and CSF have approximately the same intensity. They are irregular in shape and accompanied by perifocal signal changes. 1 Lacunar infarcts show diŠerent histologicˆnd-ings according to their pathologic stages. Necrotic debris and foamy macrophages are seen in recent infarcts and diminish with the age of the lesion. The surrounding tissue of the recent infarcts shows reactive gliosis, which becomesˆbrillary with the age of the lesion. Old lacunae show an irregular cavity with denseˆbrillary gliosis. 4, 5 Figure 2 presents MR-pathologic correlations of an old lacunar infarct. The old infarct is ill-deˆned and irregularly margined central hyperintensity surrounded by halo-like hyperintensity in the deep cerebral white matter. Histologically, the central hyperintensity represents a cystic cavity with illdeˆned and irregular margin, and the surrounding halo-like hyperintensity represents mild loss of myelin and axons with mild gliosis. Therefore, T2 hyperintensities seen in lacunar infarct re‰ect CSF-like ‰uid within the cavity as well as within the enlarged extracellular spaces in the surrounding tissue caused by loss of myelin and axons.
Dilated perivascular spaces and lacunar infarcts are diŠerentiated as follows. Dilatation of perivascular spaces are less than 3 mm in diameter with sharp margins and without perifocal signal changes. Lacunar infarcts are larger than 3 mm in diameter, irregularly shaped, and accompanied by perifocal signal changes. 
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Periventricular Hyperintensities
Periventricular T2 hyperintensities are often seen in elderly subjects who have no clinical symptoms. Kertesz's group separated periventricular hyperintensities into rims and caps. Rims are periventriclular hyperintensities surrounding the lateral ventricles, and caps are those surrounding the poles of the lateral ventricles. 6 The pathologicˆndings associated with these hyperintensities include myelin pallor, dilatation of perivascular spaces, and increased extracellular spaces. Discontinuity of the ependymal lining and subependymal gliosis are also seen in the lateral ventricular wall. These subependymal lesions can be found at any age; therefore, mild rims are probably not pathological. [7] [8] [9] Figure 3 presents MR-pathologic correlations of rim. Rim histologically shows myelin pallor, mild tissue rarefaction, and focal loss of ependymal lining with subependymal gliosis. Dilatation of medullary veins is also seen. These white matter changes, which are also seen in caps, may be associated with increased interstitial ‰uid caused by ischemic vascular damage or impairment of transportation of interstitial ‰uid into the ventricle. 
Deep and Subcortical White Matter Hyperintensity
Punctuate and W or con‰uent hyperintense areas are frequently seen in the deep and subcortical white matter on T2-weighted images.
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They are called hyperintense white matter foci, deep white matter hyperintensity, deep white matter infarction, or unidentiˆed bright objects (UBO). 6 They are observed in elderly people, particularly those with vascular risk factors. 12 Although the pathogenesis of these changes is not completely elucidated, they are generally considered to be produced by chronic ischemia or by brief and repeated ischemic insults of moderate severity occurring in the subcortical white matter. 13 Histologically, these hyperintensities re‰ect myelin pallor and dilatation of perivascular spaces. Small lacunar infarcts occasionally coexist with these histologic changes.
14-17 Figure 4 shows MR-pathologic correlations of deep and subcortical white matter hyperintensities. Scattered patchy and con‰uent hyperintense areas in the cerebral white matter show myelin pallor and dilatation of perivascular spaces of the medullary arteries.
Binswanger's Disease
Binswanger's disease most often aŠects hypertensive and elderly subjects. Clinical features include dementia, gait disturbance, and urinary incontinence. Pathological and imaging features of Binswanger's disease are diŠuse cerebral white matter changes. Multiple lacunar infarcts are often seen in the basal ganglia and cerebral white matter.
White matter lesions are not equally distributed over the cerebral white matter. They are most frequent in the frontal lobe, followed by the parietal, occipital, and temporal lobes. The temporal lobe is relatively spared. U-ˆbers are usually well preserved despite diŠuse changes in white matter. Histologically, white matter lesion shows myelin pallor, mild gliosis, and tissue rarefaction associated with loss of myelin and axons. Severe arteriosclerosis and arteriolosclerosis are usually seen in the white matter. 18, 19 Figure 5 presents MR-pathologic correlations of white matter lesions of Binswanger's disease. DiŠuse hyperintensities in the cerebral white matter show moderate tissue rarefaction associated with loss of myelin, axons, and oligodendrocytes, and mild gliosis. U-ˆbers are spared. Arteriolosclerosis is also seen. Stenosis or occlusion of arterioles may cause lacunar infarct or incomplete infarct of the white matter. In addition, these small vessel alterations could induce loss of autoregulation and blood-brain barrier disruption, causing chronic leakage of plasma into the white matter resulting in brain edema, which might be a further cause of white matter damage. 20 
Conclusion
White matter changes often seen in elderly people are closely associated with chronic ischemic change, dilatation of perivascular spaces, and lacunar infarcts. It is important to distinguish infarcts from dilatation of perivascular spaces and W or leukoaraiosis. Knowledge of the pathologic features and characteristic location of these changes in white matter helps evaluation of MR imaginĝ ndings.
